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(57)Abstract: 

PURPOSE: To provide a semiconductor light waveguide 
which can be manufactured simply and easily, in which 
waveguide loss is reduced, and in which light phase 
modulation is possible, and a manufacturing method 
thereof. 

CONSTITUTION: At a face (100) 1 1a of a semiconductor 
substrate 1 1, inside grooves 12 formed having a V-letter 
shaped cross sectional surface in a pattern of stripes, 
waveguide parts 15 of a high refraction factor are 
provided to be extended in stripes along the pattern of 
the grooves 12. The waveguide part 15 has an inverse 
mesa-shaped cross sectional surface, a lower surface 
15a and both side surfaces 15b, 15b get in contact with 
a first low-refraction factor semiconductor layer 14, and 
an upper surface 1 5c gets in contact with a second low- 
refraction factor semiconductor layer 16. Layers 13-17 
are grown continuously in an MOCVD method in 
specified conditions in which a surface azimuth of primer 
is reflected. 
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0.75 AsXIM2 5CO^*gl5 2 5 7 
^«6K2 0^»«[epS:«^bTVN5o »«*2 5' OT 
® 2 5 a fi ±12 p M A 1 0.5 Gao.s A s ? 7 y KJB 2 4 
(0^^§P2 4 / N *jft«5 2 5' C0p*g{B!l® 2 5 b, 2 5b 
f*±lEpMA lo.s Gao.s Astray KH 2 4 0lffl 
2 4' fc«LTV*5. ^^^5 2 5 X OSrBi* 

iS^l^lC&oTl^o ±EniAlo.s Gao.s As^ 
7S^K82 6t, nlGaAs§g82 7^(t Al 
0.25 G a 0.75 A s 2 5 £ p MA lo.s 

G a o.s A s 7 y KS 2 4 Og^tC^tf &*bfcSrffi» 
VfttiDlTfct), *r*L«T,fi;frffi (10 0) O^^as 

M (3 11) BOffi^B££«FoTV^ 0 -klE#S2 
3, 24, 25, 26, 27 tf>MI4950*M f± ( 1 1 
1) BI22b, 2 2b|:gLTV^5 0 ft*5, «2 2<D 
4»*»-Ctf\ p MA 1 o.s G a o.s A s ^ 7 V KS 2 4 <D 
JPSfil ^m. A lxGai-x As^$S8 2 5<£>J?£fc3: 
0 . 2 ^ m. n MA 1 o.s Gao.s As^7^Kl260 

[0042] :o*i#*w»2om ftmmmn 

Alo.25 G a 0.75 A s aS$£95 2 5 ' £>Tt£2 5 

a*5,£OTi5fl!l® 2 5 b, 2 5 b dSffiJSSf*© P M A 1 

o.s G a o.s As^7 y KS 2 4 ^£S5 25' O 

112 5 c^6I}f*OniAlo.s Gao.s As 9 7 y 
K»2 6tC&LT^5 0 Lfciiot, r co^Jf ft^afig 

K2 0f±»fflar*ffl±*9. ft*KJfcLT3te«0WUoitf> 

5' ^&ff«Wl2 5" ^aWtS** m&» (** 
A) 25' Off<SJ:*> hm&m2 S" C0ff$365^</^ o 
TV>^co-e N **±«35»L*»«ixttV\ jWBfc* M 7 8 
0 nnKD^l/^- if*{C^LT^30. Scm^iV^ 
fiKl^WttSrlta-C**:. » 2 2 ±icmS$r^tt 

SrirlCfcoT, 3J2 2rtJC»*a<*««rttA-e# 

[0 0 4 3] -<r;^MiaK2 0li^j:p(:tT 

[0 0 4 4] p!GaAsIS2 10(10 

0) i2 1a^ 3iyf L V>TiCj:!9»f©B&U4=«OS|2 
2Sr»«-rSo wOirt. t2 2 0rtilt t^CV^ 
(311) B!22a, 2 2 a -fc^Mttlfc 
SSfcS (111) BI22b, 2 2b^M» 
St^o ft*3* xyfy^^ 2 8 £ UClMfcR**: 

[0 0 4 5] MOCVD&lCi^ 2 8 




#PI¥7- 1 4 6 4 1 3 
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S:fliV*Tratf9fc. ±IB*2 2^tC, pfGaAs^y 
7 7 —m 2 3 b, p MA 1 o.s G a o.s A s ? 7 y YM 2 
At. Alo.25 G a 0.75 As**8g2 5i H niAl 
o.s Gao.s As 9 7 y KB 2 6 nSGaAsfSl 
2 7 ££miCj£S£-£5 0 ^ioM^i 
LT\ (flttf7 0 0lC) . SSV/IIIJ£ (mx.lt 

V/IIIJt=3 0 0) fc*-S*#Sr»-S 0 

[0 0 4 6] SSilHfc«& 

(ill) B®22b«otliAUGai., 
10 Asi (O^x^l) ^<«SUV\ (3 11) B 
122 a±TNi N (10 0) ®_bJcricft$^:5»^^Jt 
LT, 6*ieSoSiP(-figSi-6o (3 11) B®TS 
M^fi:5©(4, (mil) B©_b-m, mjos^t 

[0 0 4 7] roMTMi, J»2 2rt"<\ piGaAs/< 
5/77-12 3i* (3 1 1) B®2 2 aCjfioTlJ* 

U (10 0) ®2 3 a t*ri-*«ffli^ 

t£Z> 0 ;OplGaAs^777-i2 3j55o<5to 
20 ^ ^ t> O p MA 1 o.s Gao.s As 9 7 y YM 2 4 s A 
lo.25 G a 0.75 As}fc^j£Ji2 5. nlAlo.s Gao.s 
As^7ixKl2 6*5<tUt n MGa As§Sl2 7 2* s 

^ix^ffi^ffi (l oo) <7>**g^ M^fi: (3 l 
l) B©«*K»i«ri»ott1Bfcrit*rs. A 

lo.25 G a 0.75 As*iiSi2 5 0m (ttttffi) 2 

5' OHl^fillrfOAlo.s Gao.s A s -CH^ixfc. 
ttttfcfcSo IIKft «8»2 5' OT12 5a*5t 
tfffittl® 2 5b, 25b lCf± A 1 o.s G a o.s A s 2 7 y 

Ki24^SU W««&2 5' ^±®25cHAlo.5 
30 Gao.s As^9jxKl2 6AS«t5. #12 3, 2 

4, 2 5, 2 6, 2 7©S«aoSBfi (lll).BB 

2 2 b, 2 2bi:gf5*Ii:^5 0 

[0 04 8] roj: ptcLT. *«XS1|§I"C, H@£r 
••aio*»#*»««2 0 Sr**fcfRRi-* i t * 5 

[0 0 4 9] ««&\aojfeffiffiXM««r«Ar«»'fr 

[0 0 5 0] ft*3. »lSUfi«*fel±«2*«ffil^*5V> 
A 1 IWJt^f 

[0 0 5 1] H3ttC<0»MO»3S«ftffi|05t»ISi3J: 

[0 0 5 2] GaAsIg 

3 9 0»: N *«3 902oo4B®SrottC*W»B 
3 0S:«*TV^ o *»SR3 0li, 9 CO-^TCQ 
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mmximmffc!), MLt2*C)t^iK3 7, 3 
C>%,m&® 3 0 1±, Mi XttttOJfettttB 1 0 £ 
aAsSf3 9©fI|C > Y?«058P*»OX5,fv 
tot, MOCVDfeCi!) lBOltAA 

[0 0 5 3] £©##tt*S±WB**fr»#3*6» 
! tfjUfcg («^Ltfjg«7 8 0 n 
m) Sr. AJ**B53 3fc«LT**ttJ*3 0K:;iJ*** 
So *iiRK3 OJCAfcfLfcftli, Y^O^fettBfT, 

7, 3 8SriiO, fcB*rffii®3 4, S 5*»6>fltftl,-c. * 
K (PD) 3 2fc*ffl3*i„5. ro*^* 

a«7 8 0nmOk-f)ti;#L.T 1 
fM&l cm-« iv* 5 A#fc#tt*3tlWS 

[0 0 5 4] H4tti©*IH©J(f4|at We!)3ft ^ ttJ j r 
[00 5 5] £ ©a^fottJfrfrSHt, G a A s S&4 9 

ti. S&4 9 0 2o©JBHfcofcC3te2»j£&4 7ii ± 
E3fc*«Il4 7 &3KI»«i-«%«ttK4 8 fc**A,^ 
■So *#tJS4 7, 4 8f±, 4 g^BSf^gB^ 

0**IWIKJ=ISMES*i,TV*3. SS4 9©SBo^j£|± 
2mmXlmmTfc!?» 3t*jfiK4 7, 4 Soffit® 
4 4, 4 5<re©RJBS»±0. SanntCR^^T^. 
*^«4 6 o. 2mm° 

*i-eo**ISK4 7, 4 8©W±3^mTfc5. k 

[0 0 5 6] :O3t*|i0ttiB^51ffJ t 5 i i > ap. 
i#U-f4 1^Lt3t(fl^ 780nm) 
Sr. A*M94 3SriiLT5fe*&K4 7 (CAWS -Br 5 0 
*«2&J&4 7KAItLfcftf±, ftfte«l*4 6-C. 
AJtllKl : 1 ^LT, X«ftR4 7, 

4 8£iI9, m^4ffiffi4 4, 4 5;5»£>ttlJtLT, * f- ^ 
-f*— K (PD) 4 2lz^fcH$tL5o WJUrUffl^ 

** 7 8 0 n m<D U— ifjfcfc* UT, 3*fc8t*l±*S, 1 c 
[0 0 5 7] ft*, At*«B4 3*»e>7J*Lfc*t, it s« 



(8) 
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Mm4 6T^^Lli)»Sl4 5 0**»feHjJti- 

[0 0 5 8] H5tt£«»H©J65HJt««>#;*-f 
^r^:LTV>5o 

[00 5 9] £*>3t*^s/^l4, GaAsS«;590S 
BSK, IB 1 %ffi0le>ft2«&fg 1 0 £ W-f 7- 9 h UT«fi£ 
*^fc36*iKK5 0Sr«^rv>5. ftS*&e§5 0l±, £ 
«5 9 0 2o©«IS:o<i:C*»«5 7t, ±B3K* 
» i£&5 7 fc»jpfTKKrtfe*ifc**«K5 8tSr$A,T 
V^5o MSS5 7, 5 8(1, S<£5 90K<p*gp^ 
(3tM-&««) 5 6' -C?2V^lCgi£UT, 3fe©f££j££- 

6' a#srsaffli-rsfc»c5^^©^jRsiS5 6 

#R*tfc*fCV*S. iS5 9©tio^|i 2mmX i 
mmTNfcO. %«SM5 7, 5 8 CO W*f«ffi 5 4 , 5 5 
«-COlBHItt0. 3mmfcR>£i5;h,-CV*«. 
5 6' «***«I©-!r*«t«iftf0. 2mm, 
*^K5 7, 5 8©BBRBtt3 ^mTfcS, 
tt^-g-^tt, * 3. «4%M.fl|j:n«((c, ffi¥*>o*£ 

[0 0 6 0] ro*^-ryy-*»ffS*5ifrfr % 
I'— ^SiasaUfc* («*.tf«*7 8 0 nm) Sr. A 
t«® 5 3 Srii LT3t*jRK 5 7 CAW £-8r.5 0 
8S5 7{dAltLfc^(±. *M^5 6' T^^-g-f 

5o %&5 eicjcsm^^asftji^xv^^^,.^ 

*tt**«*5 8te»«S*t5. *LT, HJM1B5 5 

^feta^LT, k (P D ) s 2 lemma iv 

5o SM5 6JciS«#PfIiniSft$^TV^t 

»±. 3t^-§^1^5 6' ©>®*f^^^t;-t-.50T, ftttft 
m®.®5 7(C^SJ*^5o tLT, tUlt«9 5 4^&U) 

&«7 8 0nm©U— r^StLT, ^jg^fl 
«tl cm-' tV^a»ft#ttSr^i-5CiiS-Ctfc 0 

[ 0 0 6 1 ] B 6 Hi <D&mom 6 ^JS«|03fete=(f 

[0 0 6 2] w©3fcte*§£|a*fi, GaAsS«6 90 
SB 1 ^16«iJ03ti»RK 1 0 Sr Wf r h UT« 

•5. *^SEK6 0I4 S £« 6 9<73 2oco«®Srii[i||^|c 
oftVN-e^5o S(S6 90jiIffl^|i2 mmXlmm 
-?*>5o CO>te:*B^^ig|± N ±E#HJ60ijt^|-; 

[0 0 6 3] ro*tt**p#%»fps* 5 ^ % ¥ ^ 
*^f6 1#SLfc* (Ml«t78 0nm) ^ 
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A4t«B6 3%ffiLT#*«K6 0K:AI*S**o 3ft* 
jfctt6 OfcAWbfcfttt* «*6 5lc«fc6«aiaAfcj: 

h^t-K (PD) 6 2(c^ffl£;ft,6 0 

[0 0 6 4] 3ft«Rft6 0*^ 

So 

[0 0 6 5] H7ttw^«M©*7H16«03C:«ailIB 
[0 0 6 6] Z0iltMaKIBlKttl£+ GaAsS«89 

osstc, is i mmm<o^mm& losrwr^Mt 

*ricS^fc3t*jfeB8 0, 8 1, 8 2Sr«itV^. * 
9SB 8 0 ItSfi 8 9 O 2 oo«ffiS:oft V^t?*3 U , _b 
IS 2 o<7«®iS^#a|j&E£ 80i »sp^jc**S[B 8 
1, 8 2#Rtte>*b-CV*6 0 #>H&&8 0 t3t*»K8 

1, 8 2it4, SS8 9 7 
3, 7 4"C«SfiUT, *0*^a**Sfir»)»SIBHHc 

8 20HM8 8 Of -C)ft*ttK 8 0 t WfT * 

KW8#flWfc$*LTV^ 0 M8 9(D^lilmmX5 
mmTfcD, XVKR8 0 i:X«ftK8 1, 8 2 £ 0¥ 
<f«»«>IBI«H:0. 3mm^R*StuTV^5 0 
S7 3, 7 4<7>S^*[R]<7>^J-ifett«x.tf 0. 2 mm. ^ 

[0 0 6 7] £0#*«@»3tm±. Affttlctt, ^ 
IHM«iB7 9, 8 8fc3>f^tt5fc:7T-f>*--7 6<D 
R876a, 7 6 b*r«*S*-Cis< r fclcioT* * 

U-if 7 1 Lfcft (Wjfctf RS 7 8 0 n m) 
A»«8®7 7S:abT3t*»BS8 0JCA»S*5. 
*9W8 0K:A»Lfc#W\ #*fttfc«S£*7 4T* 
«*Jtl : lfciMSS*!,*. ttt, 3fe#KS8 0, 8 
2S:sm^ittf. wCt*. -*OXiW«8 2©W 
*3ttt*B>E«»7 5-Cffi«SEHS*tS. rcD^m. 
«K8 0©ffiffifc||fcattftv*#fc, *9S8 8 2^ft 
**H*rK«tfc*fc3&s. **x«xBtft«ifi7 9, 8 8^ 
6*7r>f'<— 7 6^ffl»ajx5. tMtS*Lfc2o©3fe 

«\ ^MtlHty T << 7 6 7 6a, 76b^ 

IT, *7 7^/<-7 60S»l^S7 6b, 76a 
Wift8 9(0»I8 8, 7 9tCAttbT. #»8MS8 

2, 8 0CIoT^5o -£0>SL IoT^f:2o^ 
t±> ^«8 9^**ft»<05t^|fi]ttJB-&«7 4-CJS-&* 
iV «wr, Jte*rtjtt»<&«7 3Ki*5»ttSn*. * 
UT, HM*»B 7 8 36»6>mWStb. #«fcBS 7 2 KAt* 




#H§¥7- 1 4 6 4 1 3 
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fcipfc:. 3ft<DHD»**rS*< U ^Sa^^r<g:M1-5 
Zttf-eZZo mmc. Sl7 8 0nmOW«CT 

[0 0 6 8] 

W*3ftW«»tt. KB3B>*«6«r*U T® 

T\ *rtfc»*JK««*&A-T?#* IKACItrHl: 
1? 3 6. Sfc, W\ it* 

3g 2 OfEHJfrftfc J: o left*-?* £ e 

[0 0 6 9] »*3S2«C|B*0^»fls3t**K<0 
20 fNBLfrifcrtu *»#*4E<o*Kfc»fffil»V*tt*fctt:l» 
U**OJ»tr**U*:«, MOCVDSHcfciK gio 

fc. !f§2 0<g;@ 

* liar**** 5. Lfc^ot, 

[0 0 7 0] §S*«3<D**^*StKtt> 

so LfctfoT, *«MifeSrffi»-e#5 0 »± 

o^W*3tW«J»tt. »**2©fP«*»KiJ:-D-c** 

[0 0 7 1] (CE«(0¥**%«ttKO(^ 

0»«r»*Ufc»> MOCVD^J: t). 3Slco{g;@#r 
^¥*{«f M*r*¥*ttJI&» Ill 2 

40 TSft^r LfctfSoT, »*«3<D^W 

[0 0 7 2] IH*«5 lc|B4ftoX»tt«t tWMf-Mitt, 

ff3ft^l*fcf«f*3S3(C|B«0 

*Wff3ft*ttK«r«*.rv^O"C, jftOHCaao^a* 

[0 0 7 3] tt*3S6 lClE«0**«ltt«*«tt:. 
^S«o^®tc N B*3ll*fcWt«|*qi3^IB«0*W 



(10) 
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[0074] mxm 7 izmmtDftxj y 

[0 0 7 5] Sf*^8 (cEtto%ffi«9EIH«(±« ¥3S* 
[00 76] M** 9 tC3Btt03e«a|5JK*^f±, -o 

sk7? hs-^-rii-c$>-5„ 



7-146413 
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[®2] m2mt&mto*mftftm&m<ommi3£xfi¥- 
[0 6] *6*i6«©jfc(fcffijEnsfcis*rH-?*a. 

[0 7] »7^J6«o3fe«aiiIMSS^«r^i-E|-c f& 

[0 8] tS3fe©^*«c3fe*«KSr^-r0-e*,S. 
[^©IftW] 

1 0, 2 0, 3 0, 3 7, 3 8, 4 0, 4 7, 4 8, 5 
0, 57, 58, 60, 80, 81, 82 ^^frjE^ 



11.21 plGaAslfi 

12.22 m 

14, 2 4 piAln.5 Gai.5 As?7yK| 

15, 2 5 A 1 o.2S G a 0.75 A s j&Ji 

20 1 6, 2 6 niAlo.s Gao.s As^7yKl 

3 1, 41, 51, 61, 71 ^mfcls— 

3 2, 4 2, 5 2, 6 2, 7 2 



[01] 



[02] 
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